STACKED DIE PACKAGING AND FABRICATION METHOD TECHNICAL
FIELD The present invention relates generally to semiconductor devices, and
more particularly, to multi-chip semiconductor packages that have stacked
dies. BACKGROUND ART Semiconductors, or computer chips, have made
their way into virtually every electrical product manufactured today. Chips
are used $TDA OKE D DELPR00KIS(lIalgdA ND I BR KOKITIONVeRdigi @Bectronic
equipment, but also in many household and consumer items such as
televisions, clothes washers and dryers, radios and telephones. As many of
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their way into smaller and smaller &lectronic products. As the demand for
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miniaturization, and greater packaging densities has increased, Multi-Chip

Module (MCM) structures have been developed to meet this demand. MCM

structures have a number of @S KEARQIINE? ddrhiconductor components

mounted within a single semiconductor package. The number of dies and
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manufacturing of the package such as ease of handling and assembling. In a
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thgrmal-compression or ultrasonic wire bonding techniques. During the wire
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stacked die semiconductors can be fabricated faster and more cheapl
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afidngli@n&miconductor components mounted within a single semiconductor package. The
number of dies and other components can be mounted in a vertical manner, a lateral manner,
or combinations thereof.

One such approach is to stack one die on top of another and then enclose the stack of
dies in one package. The final package for a semiconductor with stacked dies is much
smaller than would result if the dies were each packaged separately. In addition to providing
a smaller size, these packages offer a number of advantages that relate to the manufacturing
of the package such as ease of handling and assembling.

In a stacked die arrangement, the dies are wire bonded sequentially, typically with
automated wire bonding equipment employing well-known thermal-compression or
ultrasonic wire bonding techniques. During the wire bonding process, the head of a wire
bonding apparatus applies a downward pressure on a conductive wire held in contact with a

wire-bonding pad on the die to weld, or bond, the wire to the bonding pad on the die.



This approach is advantageous because of the increase in circuit density
achieved. Despite efforts to overcome problems resulting in lower yields of
semiconductor packages with stacked dies problems still exist. In particular,
dies within the stack fail prematurely. Additionally, at least one die often
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bonding pads on the substrate is difficult resulting in _bonding wires of various
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stacked die semiconductor package. Additionally, when multiple dies are
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motion of the dies with respect to the substrate has an adverse effect on the
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diSgpations to these problems have been long sought but prior developments

havefhcg presence of multiple dies in a semiconductor package also causes problems with
the flow of the molding compound used to encapsulate the dies in forming the semiconductor
package.

There also is a problem with designing suitable electrical ground paths to the dies in a
stacked die semiconductor package.

Additionally, when multiple dies are stacked in a semiconductor package more
adhesive material is used in the semiconductor package. Adhesive materials have the
tendency to absorb moisture, which can have adverse effects on the dies that reduce the
reliability and useful life of the semiconductor package.

Furthermore, there is a thermal mismatch between the materials used to position the
stacked dies in the semiconductor package and the substrate. The resulting relative motion of

the dies with respect to the substrate has an adverse effect on the reliability of solder balls

used to wire-bond the dies to the substrate.



taught or suggested any solutions and, thus, solutions to these problems

have long eluded those skilled in the art. DISCLOSURE OF THE

INVENTION The present invention provides a semiconductor package

including a substrate. A crenellated spacer is attached to the substrate. At
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crenellated spacer and the at least one top die. The present invention
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which at least one die overlies another die or a plurality of other active or

passive components. Furthermore, the layout of bonding pads on the
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upper die is reduced thereby providing more freedom in the design and
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designing suitable ground paths bétween the dies in a stacked die
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increased. 3 Certain embodiments of the invention have other advantages in
smﬂl&qq@waﬁkﬁaﬁbavmg stacked dies.

The present invention also alleviates problems associated with heat dissipation in
semiconductor packages having multiple dies allowing more dies to be placed in a given
semiconductor package.

The present invention additionally reduces the problems associated with the flow of
the molding compound used to encapsulate the semiconductor package.

Problems with designing suitable ground paths between the dies in a stacked die
semiconductor package and a ground ring that is usually located on the substrate also are
reduced.

Additionally, the present invention reduces the amount of adhesive material used
when multiple dies are stacked in a semiconductor package thereby reducing the amount of
moisture that can be absorbed into the semiconductor package.

Furthermore, the reliability of solder balls used in semiconductor packages having

stacked dies is increased.



of those mentioned above. The advantages will become apparent to those
skilled in the art from a reading of the following detailed description when
taken with reference to the accompanying drawings. BRIEF DESCRIPTION
OF THE DRAWINGS FIG. 1 is a perspective view of a semiconductor
pack&geamemuiadtueads ipf dkcordation havthodiee alvibdienenedditina presénplace
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along line 2-2; FIG. 3 is a perspective view of the structure of FIG. 1 having a
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a@eispadtive dkewngk.a semiconductor package having a smaller top die
manufactured in accordance with another embodiment of the present
invention; FIG. 5 is a perspective view of a semiconductor package having
multiple top dies pBRIKMPE SR GNI©NTECEWHAWENGSh another
embodiment of the present invention; FIG. 6 is a perspective view of
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Wik angthshembedime eQQPﬁJ%ﬁﬁﬁﬁ?t invention with an encapsulant and a

top die removed; FIG. 7 is a perspective view of a semiconductor package
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and multiple lower dies manufactured in accordance with another '
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embadiment of the present invention. 4 BEST MODE FOR. CARRYING OUT
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ex?c%ﬁﬂﬁ%{%ﬂﬁt@?o the inyention may be practiced without these specific
details. In order to avoid obscuring the present invention,
FIG. 7 is a perspective view of a semiconductor package having a crenellated base

manufactured in accordance with another embodiment of the present invention with an
encapsulant and a top die removed;

FIG. 8 is a perspective view of a semiconductor package having an open loop spacer
manufactured in accordance with another embodiment of the present invention with an
encapsulant and a top die removed;

FIG. 9 is a perspective view of a semiconductor package having an open loop spacer
and multiple lower dies manufactured in accordance with another embodiment of the present
invention with an encapsulant and a top die removed; and

FIG. 10 is a flow chart of a method according to an embodiment of the present

invention.



some well-known circuits, system configurations, and process steps are not
disclosed in detail. The drawings showing embodiments of the
apparatus/device are semi-diagrammatic and not to scale and, particularly,
some of the dimensions are for the clarity of presentation and are shown
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any orientation. The term "horizontal" as used herein is defined as a plane
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1ElG- 1, therein is shown a perspective view of a semiconductor package 100
manufactured in accordance with one embodiment of the present invention.
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104 includes a base 106 and a number of merlons 108, or raised portions,
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shown herein as square or rectangular, the base, the number of merlons 108,
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material used to form the crenellated spacer 104. The
combinations thereof unless otherwise indicated.

The crenellated spacer 104 includes a base 106 and a number of merlons 108, or
raised portions, attached to the base 106. Adjacent ones of the number of merlons 108 are
separated by one of a number of embrasures 110, or spaces, positioned around the base 106.
The crenellated spacer 104 provides support for a top die 112. The number of merlons 108
provides support for the top die 112. The top die 112 is attached to the number of merlons
108 using an adhesive layer discussed below in more detail with reference to FIG. 2.
Although shown herein as square or rectangular, the base, the number of merlons 108, and
the number of embrasures 110 may define square, rectangular, triangular, trapezoidal,
rounded, or arched shapes and notches, and the number of merlons 108 may extend from the

base or from a distance from the base.



crenellated spacer 104 preferably is formed from a thermally and electrically
conductive material, such as at least one of ceramic, metal, compounds
thereof, and combinations thereof. Examples of metals that are suitable are
copper, aluminum, and alloys thereof. Additionally, the crenellated spacer
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structure of FIG. 1 taken along line 2-2. A lower die 200 is attached to the
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substrate 102 using the first adhesive layer 202. 6 The number of additional
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spacer 104 facilitates better flow of the encapsulant 118 under the top die 112 during the
molding process. Additionally, the crenellated spacer 104 allows dissipation of heat from the
top die 112 during operation of the semiconductor package 100.

Referring now to FIG. 2, therein is shown a cross-sectional view of the structure of
FIG. 1 taken along line 2-2. A lower die 200 is attached to the substrate 102 using a first
adhesive layer 202. The lower die 200 is electrically connected to the substrate 102 using a
second number of wires 204, such as a number of fine, conductive wires that typically are
gold (Au) or aluminum (Al). A number of additional components 206 may be attached to the
substrate 102 depending upon the particular semiconductor package design. The number of

additional components 206 is attached to the substrate 102 using the first adhesive layer 202.



example, additional dies, capacitors, or other electronic components. The first

adhesive layer 202 also is used to attach the base 106 of the crenellated

spacer 104 to the substrate 102. The number of merlons 108 supports the

top die 112. The top die 112 is attached to the merlons 108 of the
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Referring now to FIG. 4, therein is shown a perspective view of a semiconductor
package 400 manufactured in accordance with another embodiment of the present invention.
The semiconductor package 400 includes a substrate 402. The substrate 402 has a crenellated
spacer 404 positioned on the substrate 402. The crenellated spacer 404 is attached to the
substrate 402 using a suitable adhesive material.

The crenellated spacer 404 includes a base 406 and a number of merlons 408, or
raised portions, attached to the base 406. Adjacent ones of the number of merlons 408 are
separated by one of a number of embrasures 410, or spaces, positioned around the base 406.

The crenellated spacer 404 provides support for a first top die 412. The number of merlons



7 408 supports the first top die 412. The first top die 412 is attached to the
number of merlons 408 using an adhesive layer. The crenellated spacer 404
can be formed to a predetermined height and shape using forming
processes, such as molding, stamping or etching processes that are known
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e e g S S
cisnphbed ofpaseridis poderabhygs desngshiioondubomplE lkeigeckgoiratiyiceondhetive

nﬁg:\{ﬁdi,ses&;ﬁe&ésa@flé‘agi%Héeo@%%ﬁé?%&afh%&%ﬂiﬁﬁgC{H%fp%!fa&ﬁnﬂ;%tions
Furthermore, due to the reduced contact area between the crenellated

t}?ﬁ%‘lfe ﬁé@@%lﬁﬁoﬁﬁéeﬁ'rléf%bal?ﬁé‘ﬂtfﬁlﬂ?éeé?%&?‘bﬂﬁ‘é‘iﬂ%‘?n?&fl adaichere s
expansiondisimatehdatyween thacearanellatsdspache 404 andrthie, firsidop die a

412 is redyced resulting in less relative moveme etween the crenellate
RS GRS B0 I e B YR T o Ta R Y e SR hos.
Thonribetethieote sobsrcited dP0usinges isedumbeffastwifesaustaresucthadies in

R fing ersbicitye wires that typically are gold (Au) or aluminum
(Al). Preferably, the number of merlons 408 is positioned to support the bond

pad BPERRATEHNGAS draredhrst AR #E2 Retprstitls SIBpBHebirATifde and
tHopidieoplleduinge wifehendie ghefihe Jodtiopndig diphthierchysiedticigwba the

likelihoqd of cracking.the first top . die.412 during wire bonding. A second to
B R AR T e At i 415 S RO QR e
befassndhtop diel 4k spastacititally dorfnecieanidio #1@. substrate 402 using a

SeCOFI‘PléWHmQ% @ Wires é‘lgérié‘.ﬂﬁ @8@[&%&@@% &%Qﬁﬂﬁ%%@t@é&m first number

substrate 402 and the structures positioned on the substrate 402 to form the

o drifcohbiucidpat RAYE RO Ofr fidcstF QRN bt thEe rBRE REGE pasokbiiv) or
afadiliiates\peties el of dikenembapsttaai sk o dgioteofieat ttoguphherd the Botinghd
the, molding pr ss. Additionally, the crenellated spacer 404 allows .
RN R TR T PR SRR T DGR o curn
wilghonymgerttiorfiofttive dearditd dtdwrghickayée 4dlihood of cracking the first top

die 412 during wire bonding.

A second top die 416 is attached to the first top die 412 using a suitable adhesive. The
second top die 412 is electrically connected to the substrate 402 using a second number of
wires 418.

An encapsulant 420 encapsulates the substrate 402 and the structures positioned on
the substrate 402 to form the semiconductor package 400. The structure of the crenellated
spacer 404 facilitates better flow of the encapsulant 420 under the first top die 412 during the
molding process. Additionally, the crenellated spacer 404 allows dissipation of heat from the
first top die 412 and the second top die 416 during operation of the semiconductor package
400.

Referring now to FIG. 5, therein is shown a perspective view of a semiconductor

package 500 in accordance with another embodiment of the present invention. The



Referring now to FIG. 5, therein is shown a perspective view of a
semiconductor package 500 in accordance with another embodiment of the
present invention. The 8 semiconductor package 500 includes a substrate
502. The substrate 502 has a crenellated spacer 504 positioned on the

seypisendietgoRckige Q¥halAndes spsidwsiaGa i attehsebstateed Bl batraterdoiated
spRiNgsaspiiabinaibe shesmatatiabobhergreprliaifd SRAGE 304 IRCHASR Rto the

ase 506 and a number of merlons 508, or raised portions, attached to the

Systate 62 Kifechitt BhisdrgHYHOMNBEY- of merlons 508 are separated by
one ofta rumdetdal embasoteadildisar Bpacess; pasitomnenbarafnddhenbaes, or

506. The crenellated spacer 5 rovides support for a first top.die 512. J.be

R O el 0 ClAsor ne e oy e 10 AT IRt i
semeath btohefrumbdepphearormsr 08 Bstngrascadinssivacihyenunmige base 506.
Thienelaied sRacer SO NS (eppedile 2 Mredsiernined helohtand shaRons

using formin%processes, such as molding, stamping or etching processes
SHABPERAGHHTH PR IihdlStry ME&SE ARG LD tREATSb PG W RS B HHEns

sosaenallpieddpacensH4d. The crenellated spacer 504 preferably is formed
from ?1}99{&“&"'%%"9 Sigckigally gonguctive, material, 34ch as %Efn%SEhO”Q Sng
ceramiC, metal, compounds thereof, and compinatons theredr. xamp?gs of
foriatedspiivacssre suithlsie meddiup pevnaivgninetahiag cbelisyseshbpeefe known in the
ifdddionalln h?g%ﬁ@ﬁ'k%@%%&%@%@& Hﬁ?&lﬁsﬁlé‘%&%}{%&aés&%i&s@mmhrhe
have a tendentg/ to absorb moisture, to attach the first top die 512 to the

crsapHBlsH GPATEFIoNS PEseraphyds dossehifoshaubErpltkidectistiraly ceadnetive
nadvreinse efieaisaoflmeistuseod netheie srietathesepoicas duetesfpashagenbitions

Furthermore, due to the reduced contact area between the crenellated
B S R B B SR DT S By

expadsiditionigimatehdretoliatad tiracoréféleesd sp achr 8024 maidrible, firbido patie a

denls reduRer raSing i I8 Relativesmeyement hetweanibe geneliiadios.
spacer 504 and the first top die 512. The first top die 512 is electrically

Thghrike e eridE LR Rs S0P Jeigea MseArmp&istvnfdrasiueQichiadigs in
tHeuwabebafding, porghective wires that typically are gold (Au) or aluminum

pacl SHE i) AR ST A S T4 RSO EUREU S gy and
thofindidcpidiediinrige wifecbohdinthoftie firditimp die S pantherebymeh diciy the the
cﬂgﬁ%iila%‘a%&fcg %@Kigﬂdtﬁﬁ first &%pdigigléjigrg&ﬁ&g f’é’é@tfﬁ%qg il'ags relative movement
between the crenellated spacer 504 and the first top die 512.

The first top die 512 is electrically connected to the substrate 502 using a first number
of wires 514, such as a number of fine, conductive wires that typically are gold (Au) or
aluminum (Al). Preferably, the number of merlons 508 is positioned to support the bond pad
area (not shown) of the first top die 512 to provide support for the first top die 512 during
wire bonding of the first top die 512 thereby reducing the likelihood of cracking the first top
die 512 during wire bonding.

The crenellated spacer 504 also provides support for a second top die 516. The
number of merlons 508 supports the second top die 516. The second top die 516 is attached

to the number of merlons 508 using an adhesive layer.



The crenellated spacer 504 also provides support for a second top die 516.
The number of merlons 508 supports the second top die 516. The second

top die 516 is attached to the number of merlons 508 using an adhesive

layer. 9 The second top die 516 is positioned next to the first top die 512 in a
side-Besigeonddpneic The sepomidonsd dixtipalhs Eistitpally ebhnecteledihade

nﬁ%éﬁaﬁﬁe’i@@oﬂéiﬂﬂ) @ie848 @Qel@b‘t’i‘?&@l&%ﬂﬂé@&@ ﬂcﬁt-hégﬁﬂg%l@%ihﬁﬁge&@%nd
top die 516 is electrical.lﬁ connected to the first :)%Eﬁdie 512 using a third

b & SfiFalss 1494 %Hép%léﬁ‘i@éd%@ﬁ dbedeiacaliy Spapsdghto the
fiantbfhéisituieshsidianadns theesdhstirate 502 to form the
semiconductor pa e 500. The structure of the.crenellated spacer 504
T R e S R T e tRaTB o on
thieulssiaen 0 o dierB 1Bedigrnertise aien IBdakp g ot¥ss ThslitioheitypltHe crenellated

sﬁ&@eﬂlﬂt@gl:ﬁﬁ%%é% AlPWE tﬂi;séi{é@fjﬁi?aﬁf Hﬁ?hﬁdyﬂﬁ@%ﬂ%@igﬁé%d the
and the second top die 516 during operation of the semiconductor package
se5609 Kareliny AW RS B HRFEORS Shohid Rt pe tifverchaliiis spacer S04
aBewmichndhtion (dabkageoadthmanufagiutedsinaaebdaneeondtiopnditheét6 during
Oegpalgodi(g%%irllt of the Ip({ltl-:-&ent inl\(/aerét' with an encapsulant and a top die

emove & semicondudior p%c age 600 includes a substrate 602. A lower

die 684fistateanhedieotife Sultutreate i6GRaysing Betpitelbie didhesive stmeosvetor
palig.60408 plgaicallk LANRRSIATNQ WRHSHRAAERRZHRINDG A AL SO WER RN

606. A number of additional components 608 is attached to the substrate

WEH22 8 rBRAASHE oM 1ifaP sba rANOe 1 A0 P BBL 0" Ea8E €009l udes 2
siosadi6o0RS UK roued githediow et die: 6 Odvandibbeata Boesif additidnatihesive. The
compo ts 608. The crenellated spacer 610 i des a numbper of merl

G B B AR ISR e PR S A o0 ey e LR
npnhebef efldiferiohsoiRemeseParamddhpddnahof b 60 Dheist dhutewer die

6§LOA QL SRAGRS: PASIBNESHAOBAL EABBRLrbA-s LG ANTIREWI BRI S Ad the

is attached to the substrate 602 using a suitable adhesive. The base 614 is
nRbes BiGtHEMRR HeRE BRSO be apparent to those skilled in the art from a
readimgeot ihisl 1 descpptiensilnainsnoidies dietan derpassionad, averaibal aseons,

614 and electrically connected to, the substrate 602 prior.to e sulation t
PR oA pANERGR a0 T b B A TR Sroae e by
ospatemgqyrovidésasursp drtforranathe mdietiattat hodndath dawpodt tHEhbaseber

oBH& ARG UG Lending At Lispthersmie.Additianabi e Rttagh RARESIVE on

can be applied to the surface of the base 614 in a continuous or segmented
9 Qh Hsy merlons 612. It will be apparent to those skilled in the art from a reading of this

description that another die can be positioned over the base 614 and electrically connected to
the substrate 602 prior to encapsulation to form the semiconductor package 600.

The base 614 of the crenellated spacer 610 provides support for another die attached
to the top of the base 614 during wire bonding of the other die. Additionally, a die attach
adhesive can be applied to the surface of the base 614 in a continuous or segmented manner
depending upon the manufacturing process being used. Furthermore, the number of merlons
612 and the number of embrasures 616 positioned adjacent the substrate 602 facilitate the
flow of an encapsulant during the encapsulation process used to form the semiconductor

package 600.
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depending upon the manufacturing process being used. Furthermore, the
number of merlons 612 and the number of embrasures 616 positioned
adjacent the substrate 602 facilitate the flow of an encapsulant during the
encapsulation process used to form the semiconductor package 600. 10
Refeffirfgrriogviionr IG FIGtherieréenshglvera gepspeetivec\igshy offaa semiconductor
pRARICONAURIALRAGKRAAS Q8 MaRyRREURdHE: ReGERREE Witk 3R invention

embodiment of the present invention with an encapsulant and a top die

Wit B\ ERCAPHEA8E At dh iR (UF PEREGE 7BbrintIigRuLc O merkaec 70, Rqdesy
suhierd47(R atalohed diz tHod subsirhée (60Reusig aeSTODalnim@adbasive. alhesilewehe
die 704 is electrically,connected, to the substra 02.using a humber. of wires
e O e SR S e R R R S e
npppea furidithmabeenpiiee o 0hisincheded SiratidsTao iWh apsedhodpwer die

76RMMARAHIFAUPLS thed oyveriied 88,0t Nimhsiaetiradianal 704 and the

components 708. The crenellated spacer 710 includes a number of merlons
nypberf addiipnn ARIFROIUSShed around a crenellated base 714. Adjacent
ones Hdhechelmiar phooernonsntliriara sepbeaiatniyionsof 2 nemntbieedportions,

embrasures 716, or spac asitioned.around the crenellated hase .714._The
PR Ao E R g SRR e 126
sepdtrseiviey, Thefaranelhereef babeaTurasig [Sosititnaees onsiopnefl treumd therescpeated

bikwvithbe eRPAIBNIGOINAREISKIIethinhg.RRH A R salinA OIS ARSCIRERIbIe

that another die can be positioned over the crenellated base 714 and )
adigtiicalleshimediteridatte didoisuRitd iR A OR UnbspETHSn/ic forh tHE be
apemnitondbciokpdekagend Qo fThe srendlatetthiasr sélidtprovidesmstippar tan be

another die attached fo the to the crenellated base 714 during wire .
PR O Gy RO TR R d A i
tnenedrerlofienibiasurés FrsiqodiivmerhdregmtPhe crenellated spacer 710

faciliti thelap.ahiatencepeiant E{Hﬁ!ylgﬂ 10F SREPHAUR P ES iR USF dilthe

form the semiconductor package 700. Referring now to FIG. 8, therein is
BT PRisddetiow w6t 2ufoh dictBin PatiRage Sbe RARuAT I ESh Of

nREcasdancmivite anatheobeambogine of jhatpiesert indant ofenalithedRpacer 710

encapsylant and a top die removed..Th semiconu(i ctor package 8
Gl R S S A IR
susingndustsitpolkapdl®dive. The lower die 804 is electrically connected to the

substiaief2 HAINSGAEMPGRALWIFESIRAG A JHMRELORAAITORAe miconductor
components 808 is attached to the substrate 802 around the lower die
package 800 manufactured in accordance with another embodiment of the present invention

with an encapsulant and a top die removed. The semiconductor package 800 includes a
substrate 802. A lower die 804 is attached to the substrate 802 using a suitable adhesive. The
lower die 804 is electrically connected to the substrate 802 using a number of wires 806. A
number of additional components 808 is attached to the substrate 802 around the lower die
804. A crenellated spacer 810 in an open loop formation surrounds the lower die 804 and the
number of additional components 808 on three sides.

The crenellated spacer 810 includes a number of merlons 812, or raised portions,
positioned around a base 814. Adjacent ones of the number of merlons 812 are separated by
one of a number of embrasures 816, or spaces, positioned around the base 8§14. The number

of merlons 812 is attached to the substrate 802 using a suitable adhesive. It will be apparent
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804. A crenellated spacer 810 in an open loop formation surrounds the lower
die 804 and the number of additional components 808 on three sides. The
crenellated spacer 810 includes a number of merlons 812, or raised portions,
positioned around a base 814. Adjacent ones of the number of merlons 812
talosepialated By ahoot a isedizeelhie shtyrantinastiBe Grior sprncepsPpasimidnderm
tl@r%g(ﬁ%aéﬁﬁag%egb@ Mombedifnstlng B dsRURGhRY 60 Hlons 812 and

substrate 802 using a suitable adhesive. It will be apparent 11 to those

elegiicalin prnasiet Snils FaBRIAY 8%his description that prior to encapsulation
to formhethengemic omnaleotos IRadkager8dl andtpeaccdie] Ognobelattaphed for thiether

numbper of merlons 815 and. ele trical%ﬁ onnected .to the substrate 802. The,.
o RER Al TR S ear o e MEIGECRIE BEBRR S0t e

Fanorrrepraichattaehiead «f thertumnBé? ehméronsngx? dlisnprirechoridimgdfioned

alEn@thee @ﬁnéﬁ'd{éheﬁg&%?’ the numbetcofpenions &12And R NIMPRRERE the
embrasures 816 positioned around the crenellated spacer 810 facilitate the

HGRSBRAATeROSPS ST HUFE 1he SEReISuEitbRApFaeR 88N sdd Bl iBrrpRisent to
tisRavkDRduUctOE padkage 8QQidL wilthie Rppgrest thatthaskesKiltetoinof@ estmation

from a reading of this description that ther form of.gpen formation can
o e e R DU, e
sperenteliandy paprltedto oandnetherratippiviomd anutheglorpdsimeneadtiaran angle

V‘{ith %@eﬁﬂﬁy_}% REeIGNG, nAwta ﬁ'%&vﬁhﬁ'&@ﬂ&ﬁbé’"m@ B?@Q@rﬁi_&‘(ﬁductor
view of a semiconductor package 900 manufactured in accordance with

P38t ABHIRSERE b IHSordds VeI SHRHE A LDFRTE SRE B gpion
wilie ferspugduiiitcasemicgnductompackagtObnincihdiesoa paukgisadoP il es a
first | die 904.is attac to the substrate 902 using, a suitable adhesive.
S B A e B e AR A T S S Sre
Thestintumber o Gifels gR6tritadecondelgvdeiodie 905 i gt A2hesdhnatiiest number of

wihR S8 EA9Q2 J0i MR HU BB ARRRANPro TREFREARDIBNRIPIE PR adhesive.

electrically connected to the substrate 902 using a second number of wires
Top7egorlinoner diadtrichslCHiRpOhEARE S iLallsHEI Tt Sutstiate §62'
nafidgndfthaeticgzlower die 904. A crenellated spacer 910 in an open loop

formation sprrounla e it wer i 804 A pacion gfhessecong oue die,

e num tional' componen e’secon
fiksewdiel 30 and\sapnel bfathepacenBEP of addittonabretmpomentsr808dsxttenirst

IRHNREDYANEQUORE AR L PUEHSWRE HIE §6SNGHIRIEASBRAGRS RtObel B8 additional

crenellated spacer 910 includes a number of merlons 912, or raised portions,
components 908. The second lower die 905 and some of the number of additional

components 908 extend outwardly through the open portion of the crenellated spacer 910.

The crenellated spacer 910 includes a number of merlons 912, or raised portions,
positioned around a base 914. Adjacent ones of the number of merlons 912 are separated by
one of a number of embrasures 916, or spaces, positioned around the base 914. The base 914
is attached to the substrate 902 using a suitable adhesive. It will be apparent to those skilled
in the art from a reading of this description that another die can be positioned over the
number of merlons 912 and the number of embrasures 916 and electrically connected to the
substrate 902 prior to encapsulation to form the semiconductor package 900.

The base 914 provides support for another die attached to the top of the base 914

during wire bonding. Furthermore, the number of merlons 912 and the number of embrasures
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positioned around a base 914. Adjacent ones of the number of merlons 912

are separated by one of a number of embrasures 916, or spaces, positioned
around the base 914. The base 914 is attached to the substrate 902 using a
suitable adhesive. It will be apparent to those skilled in the art from a reading

984 toiytasdripaian thatcamsterddiraceindbe fredition e Hoar ehan augalsatapf during

HOBRORS PR APALLE PUDREfAheMRRIASUIRER R £leobically connected to
the substrate 902 prior to encapsulation to form the semiconductor package

900. ¥HE DR $1s PrIvitEe s o RS Merehassiidhe Ptk oGP the
abrasendbdtedininagt wikel boadiitgafdurt hekmnaredh éiausiler ot mbiteasfadst amdng
2 F15,Qumber of eea’s‘)f%ﬁlaeso R 1o8a 169 p%?%‘%%%Qoar%%ﬁ%&%%iﬁaﬁﬂﬁs”ﬁ%&%osfpacer

10 facilitaté the How OF an encaps%lant auringp the encapsulation process
used Refformethe wemibBndlidtohgratkagehoon. it Aay sderi discovstberitHapthéor
meincendiciat Racrae ! fhairesent invaRtianeRmRreomMedateatirRast in

one lower die and at least one top die using a crenellated spacer having a
2 finatitir Gt iiast SR CRRsEE I8P° APPSR ILBRL AR east
ofisaspaficRetreringheidue dospdéer s thereirn(® sthawboadlayvtiharidabeomatijodie to

1000 for manglfat g a iconductor package, The method 1000
A R SR S AR R e e

aslasicancttyprbosulssbiacs 19 HWblock 1004, attaching at least one top die to the
crenefigied;spacaleith aiiask A0 wire Bondingi ivenableashARestoRHiRd@ and

the substrate in a block 1008; and forming an encapsulant over the )
herdniarg e gpabls ot itne Gl dive 1o e e GRS £D FoF AT YRR A ine @
sdireondistor greddfat tMagresanhnyeoden tnhistedempomanirantdaightforward,
cngtetofore unavajiadle Sﬁfgﬁionv%rgﬁﬂg‘béﬁﬂe and functional a l‘é%ﬂt%% RdRlics

manu*‘écturmg semiconduttor package. The resUIlﬂsng process an gles.
apbafighrationklareisddightiornwasrtriecemonnediciondonmsiichie dreHighlyompatible
wYﬁré%UgmﬁQﬁle}ﬁeﬁﬁIH&uHﬁg &9@&’5%&'%&%&@&9.‘35' and are thus readily

suited for manufacturing semiconductor devices that are fully compatible

with CSRUE HtfoR3FRHAR @Pé&ﬁﬁ%@eiﬁ%‘?é’s%@%%%‘hW%@i%.cm gstrqeode. itis
tdruee ntigsishas! hegmdascilbeshin egnjwactian with aspaaiitbhestimpéapfaentao

be understood that m alternatives, . modifications, and variations. will be
Ui b bt e LR
ebeerditciyclit dbamandednodiéigrticnse 2l saohtiaie thatifek wittodiflcations,of the

iANAREAHA0S ARV INIRRE REORSPLHEE n NCHISL GRS MY IMAHESS £€10

forth herein or shown in the accompanying drawings are to be interpreted in
bey M IALRLASHV B HEAUIH A Serigating sénse.
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13 THE INVENTION CLAIMED IS: 1. A method of manufacturing a
semiconductor package comprising: providing a substrate; attaching a
crenellated spacer to the substrate wherein the crenelated spacer
comprises: a base; a number of merlons on the base; and a number of

T hhaSENd O NHER %ljacent ones of the number of merlons; attaching
at least one top die to at least some of the number of merlons; wire bonding
the at feast OriBBPIAE T HE LB At MR YRR A ROHELRSE over the
crengllatedispacessand the at last one top die. 2. The method of

manuf&tctHring a semiﬁongluctore[r)a{:ka} € as.c ai[ned in claim 1 furt er
attac 1n% a crenellat S?aC € subsirate wherein the crenelated Spacer
comprising: attaching at least one of a lower die, an active component, a

passive compongsts:and combinations thereof to the substrate at least
partially bengath at least one of the at least one of the top die. 3. The
method of manufacturing a semiconductor package as claimed in claim 1

wherein: attA8HIRYFLRoLraRENL 08 H5ast ddches a crenellated spacer having
a formationofahibleasteaiteasiiascinsaneiog adihame onaog, thn dueasabii atenss;

thereof. &inb's ethod of ”&?e”%%f%ﬁféé{si{‘%%g’emﬂ%oﬁu?n%et%foag e as
claimed'in chaim 1 where® attaching the at least one top dié to the
crenelarcprpiacdhatdetre onhtontdiedstimerbopatdiend at least a portion of

the bﬁﬁ?ﬁniﬁg &n@?J&R%Mt@@cﬁ‘%@%H&%@&%@PW&I@MQ&WQ@ die.
comprising: providing a substrate; attaching at least one of a lower die, an

active comprmenttispassivauFampinenicandnaorlipadians dhergafetbith@aim 1

fs%tgtcrglte' wire bonding the at least one lower die to the substrate; attaching

a crenell?gfés(ljn ébacer to the substrate at least partially around the at least one
loweratirs ikrgerelnatihersrehellated dgaerrcorapaswonent, a passive component, and

combinations thereof to the substrate at least partially beneath at least one of

the at least one of the top die.

3. The method of manufacturing a semiconductor package as claimed in claim 1
wherein:
attaching a crenellated spacer attaches a crenellated spacer having a formation of at

least one of a closed loop, an open loop, and combinations thereof.

4. The method of manufacturing a semiconductor package as claimed in claim 1
wherein:
attaching the at least one top die to the crenellated spacer attaches the at least one top

die to at least a portion of the base.

5. A method of manufacturing a semiconductor package comprising:

providing a substrate;

attaching at least one of a lower die, an active component, a passive component, and
combinations thereof to the substrate;

wire bonding the at least one lower die to the substrate;

attaching a crenellated spacer to the substrate at least partially around the at least one

lower die wherein the crenellated spacer comprises:
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14 a base; a number of merlons on the base; a number of embrasures
intermediate adjacent ones of the number of merlons; attaching at least one
top die to at least some of the number of merlons; wire bonding the at least
one top die to the substrate; and forming an encapsulant over the at least
one lower diebaee crenellated spacer, and the at least one top die. 6. The

method of MapKRGtyring:RSeMigivetor package as claimed in claim 5
wherein: attaching a crenellated spacer attaches a crenellated spacer having

a formation0PHR PR L4t PSS TS RIS EREIE RS, A4 BPE ANBLY, B AU ARSI
thereafiadhitf et leethad ofpndanwfacieiringmsemicanchietosfrackage as
claimed inSiall. B ereln atigcing. e aljsastigpgie to the crenellated
spacer attaches the at least oneptop ie fo at least a portion of the base. 8.
The rifsthiod of Prasnsfdent Arg Heehtesmigdor P aikdbe aeneltuivtbebies] itd e
wherein: attaqhiRgacisngllated spacer attaches a ground pad. 9. A
semiconductor package comprising: a substrate; a crenellated spacer
attacbed to the sithsidatemdnarainuthg arenalabddcspaerkagemprises:dibakan 5
Wl rrlglmber of merlons on the base; a number of embrasures_intermediate
agjacent ones of the number of merlons; at least one top die attached to at
least gtrelangf avecneiaisdrsobenepitrebesvirers vddid gnireabdsst ofeop dief at

to the SUbStf@a"s?ﬁo%@@@J‘cﬁR@@@&&H,aﬁ Sy&r 1@%‘5,%%1’&!@%%&%@1%@_@ the at
least one top die. 10. The semiconductor package as claimed in claim 9

further comprisingthadtaching aicteast anentanlwer giekage activemed in claim 5
%omiponent, a passive component, and combinations thereof to the substrate

wherein .
at least partially beneath the at least one
attaching the at least top die to the crenellated spacer attaches the at least one top die

to at least a portion of the base.

8. The method of manufacturing a semiconductor package as claimed in claim 5
wherein:

attaching a crenellated spacer attaches a ground pad.

9. A semiconductor package comprising:
a substrate;
a crenellated spacer attached to the substrate wherein the crenellated spacer
comprises:
a base;
a number of merlons on the base;
a number of embrasures intermediate adjacent ones of the number of merlons;
at least one top die attached to at least some of the number of merlons;
wires bonding the at least one top die to the substrate; and

an encapsulant over the crenellated spacer and the at least one top die.

10. The semiconductor package as claimed in claim 9 further comprising:
attaching at least one of a lower die, an active component, a passive component, and
combinations thereof to the substrate at least partially beneath the at least one

top die.
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top die. 15 11. The semiconductor package as claimed in claim 9 wherein:
the crenellated spacer has a formation of at least one of a closed loop, an
open loop, and combinations thereof. 12. The semiconductor package as
claimed in claim 9 wherein: the at least one top die is attached to at least a

portion -of thEhpssaicaBluateariezriicebipad kaglicophikia: a substrate; at

least @ %@B@ﬂh’t‘é‘ﬁp@é‘%r AR ACtYR AARRPAE MR &@&%\éecﬁ%al%ﬂﬁfﬂn %B@'n loop,
combinations thereof attached to the substrate; a first number of wires

bonding the?3t RARRIBACRMRSRE to the substrate; a crenellated spacer
attachgd to {he substrate §t Ieaﬁ(t artialfx. aragund.the 3t least one lower die
12. hé Semiconductor pac a%c‘| as, cldimed 1n claim 9 wherein:
wherein the crenellated spacer comprises: a base; a number of merlons on
the béweatdentimireiopfdimibrtigcired tinté tpasidiper tintjaé ¢t ves of the number
of merlons; at least one top die attached to at least some of the number of
merldns; a SEETRYMIHERIEETRE SBRHLIRG the at least one top die to the
substiaigisamd;an encapsulant over the at least one lower die, the crenellated

spacef, %gg tggeat as{_one ﬁig dalrcle. 14.. The semiconductor ackarg

e as
claimed 1A clain 13 wheren: {he crenéilated %%g%%?nﬁag ormation BY &t and

least one ofcargtosaitbiodhererf ojterhdd dp thamebsorhinations thereof. 15. The

methg_qlig{ mamdasturing %ﬁ'&iﬂg &R0 dueter fackage as &'@i@‘_ﬁfﬂéﬂa@é@im 13
wherein: the at least one tog die is attached to at least a portion of the base.

16. TRERIERGE SPHRE iP?g“é%éHﬂ&%&b%ﬁ‘B lellyepunddhnatlfst one
claim 13 wheveintiéheherenetlatechspaecekpanpisgsiseground pad. 16

a base;

a number of merlons on the base;

a number of embrasures intermediate adjacent ones of the number of merlons;
at least one top die attached to at least some of the number of merlons;
a second number of wires bonding the at least one top die to the substrate; and
an encapsulant over the at least one lower die, the crenellated spacer, and the at least

one top die.

14. The semiconductor package as claimed in claim 13 wherein:
the crenellated spacer has a formation of at least one of a closed loop, an open loop,

and combinations thereof.

15. The method of manufacturing a semiconductor package as claimed in claim 13
wherein:

the at least one top die is attached to at least a portion of the base.

16. The method of manufacturing a semiconductor package as claimed in claim 13
wherein:

the crenellated spacer comprises a ground pad.
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